Introduction
Giardia intestinalis (G. duodenalis) is a flagellated intestinal protozoan that infects humans and several animal species. In certain parts of the world, G. intestinalis is more commonly known as G. lamblia. It is one of the most common pathogens responsible for diarrhea. Giardia has two stages, trophozoites and cysts. The second one is the infectious stage of the organism and ingesting as few as 10 cysts is sufficient to acquire the illness. Contaminated water and food and person-to-person contact are the main sources of the infection (1) . The parasite has a worldwide distribution and it is particularly common in developing countries, where sanitation and personal hygiene are problematic. Giardia is responsible for 500,000 new cases every year in Asia, Africa, and Latin America (2) and an estimated 280 million cases annually in the world (3, 4) . The parasite is also one of the agents most responsible for waterborne outbreaks of diarrhea. The infection is mainly asymptomatic, but acute and chronic gastrointestinal clinical symptoms such as vomiting, anorexia, diarrhea, flatulence, abdominal pain, greasy stools, and nausea may occur. It also threatens human health, especially that of children, via growth retardation and nutritional damage (1, 3, 5) .
The diagnosis of giardiasis in asymptomatic cases plays an important role for controlling the disease. Thus, obtaining reliable results in the diagnosis is quite significant. There are different methods used to detect G. intestinalis cysts or trophozoites. Currently, microscopic techniques on fresh and concentrated fecal samples are still commonly utilized. However, analysis of only one stool specimen and the skill of the microscopist can reduce the accuracy of detection (6, 7) . In addition, immunoenzymatic and molecular techniques are also available for routine diagnosis and research studies. Antigen detection methods are fast, easy to perform, and more sensitive compared to microscopy, but they have some disadvantages such as the need for certain reagents and high cost compared to microscopy. Recently, molecular approaches were developed and shown to be more efficient and sensitive for the detection of low numbers of parasites (8, 9) . In addition, the real-time PCR (RT-PCR) technique is an example of a recent advancement that allows monitoring of PCR products during the analysis. It is also beneficial with its short analysis time and reduced risk of contamination (10) .
This study was designed to compare microscopy with a commercially available stool antigen detection enzyme linked immunosorbent assay (ELISA) kit and a TaqManbased RT-PCR technique for the detection of G. intestinalis in human stool specimens. This study compared these three methods in the detection of G. intestinalis in human stool specimens.
Materials and methods

Specimen collection and microscopic examination
The study was conducted with patients referred to the parasitology laboratory from various clinics with suspicion of giardiasis between July 2015 and October 2015. Whereas PCR and light microscopy can detect the actual presence of the parasite, ELISA only detects the antigen of cysts. In diarrheic patients, cysts are not formed and antigens cannot be detected by ELISA. Therefore, to compare these three methods properly, nondiarrheic stool samples were selected.
Each specimen was dived into three parts for microscopy, ELISA, and PCR. The fresh first portions of stool samples were instantly concentrated by formalin-ether sedimentation technique and microscopic examinations were carried out with saline and iodine wet mounts slides (6) . Slides were screened at 400× magnification (Olympus CH2) to determine cysts of Giardia intestinalis ( Figure   1A ). The unpreserved stool samples were stored at -20 °C for performing PCR later.
ELISA
A commercial ELISA test (Giardia CELISA, Cellabs, Brookvale, Australia) was performed on fresh stool samples as well. The kit was designed to detect Giardia intestinalis cyst antigens in fecal specimens and included negative and positive controls. Antigens from stool specimens were bound to microplates, coated with purified mouse monoclonal antibodies. The test was performed according to the manufacturer's instructions and the absorbance was measured within 10 min by spectrophotometer (Biotek ELx800, Winooski, VT, USA) at a wavelength of 450 nm. Values above 0.150 were considered as positive.
DNA extraction and RT-PCR
Fecal samples were subjected to three rapid freeze-thaw cycles before the application. DNA was extracted from samples of about 200 mg using the QIAamp Fast DNA Stool Mini Kit (QIAGEN, Hilden, Germany) according to the manufacturer's recommendations. DNA samples were stored at -20 °C until PCR was performed.
The LightCycler Nano system (Roche Diagnostics, Mannheim, Germany) was used for the TaqMan The statistical difference between the techniques was analyzed with the chi-square test. The differences were considered statistically significant at P ≤ 0.05. To quantify the relationship between the techniques, RT-PCR was used as the reference test. Evaluation of the test results was based on the sensitivity and specificity. They were computed by universal formulas.
Results
A total of 94 stool samples, 38 of which were diagnosed as positive (40.4%) and 56 of which were diagnosed as negative by microscopy, were selected for evaluation by antigen detection and molecular assays. The prevalence of G. intestinalis infection was 46.8% (n: 44) and 79.8% (n: 75) by ELISA and RT-PCR, respectively. RT-PCR revealed by far the highest positivity rate compared to the other two methods.
Forty-four samples were found negative and 32 were found positive by both microscopy and ELISA. Additionally, 12 samples were detected negative by microscopy while they were positive by ELISA. False negative results were obtained in six samples by ELISA, which were positive by microscopy. All positive findings by microscopy (n: 38) were also confirmed with RT-PCR. Out of 94 samples, 37 were negative by microscopy while positive by RT-PCR (Table 1 ). In the comparison of ELISA and RT-PCR, 40 samples were positive and 15 negative by both techniques. However, 35 samples that the ELISA kit failed to detect were positive by RT-PCR. Furthermore, four samples in which the Giardia antigen was detected (one of them a weak positive) were negative by PCR ( Table 2 ).
The statistical analyses demonstrated significant differences between microscopy and ELISA (P = 0.001), microscopy and PCR (P = 0.001), and ELISA and PCR (P = 0.012). In comparison to PCR, the sensitivity and specificity of microscopy were 50.7% and 100%, and the sensitivity and specificity of ELISA were 53.3% and 79%, respectively.
Discussion
G. intestinalis is one of the most common human parasites and the cause of giardiasis. The infection affects individuals worldwide, especially in areas where sanitation is poor. Due to outbreaks and its effects on growth in children, G. intestinalis is still a significant public health problem. The prevalence of infection is 2%-5% in developed countries and up to 20% in developing countries. Additionally, the highest number of cases of infection occurs in children younger than 10 years old (11-13). The incidence of giardiasis has been reported as 4.5%-22% in Turkey (14) .
G. intestinalis infection has a wide clinical spectrum, which ranges from asymptomatic cases to acute or chronic diarrhea, abdominal pain, and weight loss (15) . The laboratory diagnosis of giardiasis generally depends on detection of cysts/trophozoites of the parasite in stool samples. Examination of only one single specimen by microscopy decreases the sensitivity due to the intermittent excretion of the parasite. Therefore, at least three multiple samples should be examined on separate days for a definitive diagnosis (16, 17) . One other significant drawback of microscopic examination is that it requires an experienced microscopist (16) . For the above-mentioned reasons, there might be many false negative results making the sensitivity of microscopy lower. Additionally, antigen detection immunoassays and molecular-based methods can only be performed in certain specialized laboratories.
The direct fluorescent antibody test and enzyme immunoassays (EIAs) have high sensitivity and specificity similar to the most widely used immunological techniques (18) . EIA is practical when numerous samples should (19) . Recently, a variety of PCR assays (nested PCR, PCR-RFLP, RT-PCR etc.) were developed for diagnosis of giardiasis. They have excellent sensitivity and specificity but require more specialized technical skills and high-cost equipment. RT-PCR is the most powerful method and it has the following advantages: targeting the small specific gene regions of the parasite, rapid cycling time (approximately 1 h), low contamination risk, and ability to measure the DNA amount during the assay without post-PCR analysis. The infection could be detected in patients with a low parasite count by ELISA or by PCR when only when two cysts are present (20) . These methods capture the infection using the parasite antigen or DNA molecule, so even when the live parasite is absent, they produce accurate results (21, 22) . RT-PCR was accepted as the gold standard in this study; however, there is no true reference test for the diagnosis of the disease. The use of different diagnostic techniques together would increase the chances of obtaining true positives (11) . In this study, out of 94 patients, 44 were diagnosed as positive for G. intestinalis infection by the CELISA Giardia kit, which produced better results than wet mount microscopy, which detected only 38 positive cases of giardiasis. There were six false negatives by EIA, possibly associated with intermittent shedding of the parasite cysts. Various commercial EIA kits in the detection of G. intestinalis might detect different values. In a recent study, ELISA's sensitivity and specificity compared to microscopy was 72.9% and 100%, respectively (22) . In several other studies conducted with different immunoassay kits, excellent specificity rates within the range of 91.5%-100% were reported and the specificity values for all EIAs exceeded 99% (23, 24) . In a study conducted with the same commercial EIA kit used in this study (Giardia CELISA, Cellabs), the sensitivity (63%) was found to be in concordance with our findings (13). Aldeen et al. (23) suggested that EIAs could replace microscopic examination when giardiasis is the most likely diagnosis. However, considerably lower results were detected in sensitivity with different EIAs with the sensitivity of 63% and 73.2% (22, 25) .
While Giardia was detected in 38 patients by microscopy, 37 additional individuals were also found to be Giardia-positive by RT-PCR. Compared to RT-PCR, microscopy exhibited false negative results in 39.4% of the patients. These findings confirm the limitation of microscopy in G. intestinalis detection. It was previously demonstrated that microscopy had lower sensitivity (50%) and PCR had higher sensitivity and specificity in detection of Giardia (26) . In another study, RT-PCR showed 100% sensitivity, whereas conventional assays (microscopic examination including immunochromatographic and direct immunofluorescence assays) revealed 86.7% specificity (20) . The lower sensitivity and specificity of ELISA compared to RT-PCR was reported by several other studies, as well (20, 26) . Verweij et al. (27) found that the sensitivity of PCR was the same as that of the antigen detection method (98%), although higher than that of microscopy (89%). However, PCR produced false negative results against enzyme EIAs, and lower sensitivity of PCR (85.4%) against immunofluorescence was detected (22). In another study, microscopy, RT-PCR, and rapid immunoassay were compared and all three techniques were highly sensitive within the range of 98%-100% (28) . In this study, ELISA exhibited 35 false positive and four false negative results compared to RT-PCR. One of the false negative results exhibited by PCR was borderline positive by ELISA. Most of the low Ct values detected by PCR generated negative results by ELISA. This demonstrates that ELISA could not capture positives in the presence of small parasite counts, which were detected only by RT-PCR based on DNA levels.
Traditionally, wet mount microscopy and concentration techniques were used for routine analysis in the diagnosis of Giardia infection. They must be used as a first choice due to their economical and easy-to-use features. EIAs are generally utilized and are useful to analyze large numbers of samples. In summary, the RT-PCR assay seems to be beneficial for rapid and accurate diagnosis of G. intestinalis in human stool samples. Unfortunately, due to high costs related to PCR, molecular methods are still not widely available, especially in developing countries. The most important benefit of molecular assays is that they have contributed progress towards better public health while reducing the cost of unnecessary treatment due to misdiagnosis. At least one molecular technique must be utilized in routine diagnosis for evaluation and confirmation of the stool antigen assays or conventional microscopic results.
